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 A film of self-assembled peptide shows conductivity in air and vacuum 
 We propose that stacking of phenylalanine between peptides leads to conductivity  
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ABSTRACT 
We investigated the electrical conductance of films consisting of bio-inspired peptide 
molecules and of their extended form, self-assembled nanoscale fibers. Here, the entirely natural 
and novel peptide sequence, GFPRFAGFP, was designed based on naturally occurring fibrous 
proteins. To attain electrical conductance, we implemented phenylalanine residues in the 
sequence such that the aromatic rings are present along face of the molecule. We confirmed self-
assembly of nanoscale fibers in pure water after incubating the peptides at 37°C by AFM. The 
morphology and conformation of the incubated peptide fibers were studied using AFM, 
fluorescence spectroscopy and circular dichroism spectroscopy. It was shown that very thin 
fibers with a single-molecule-level diameter form. The helical feature of the peptide backbone 
*Manuscript
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and enhanced stacking of aromatic residues were also investigated. This aromatic stacking is 
important to our electrical measurements as, even in vacuum environment, films of non-
incubated GFPRFAGFP sometimes show apparent conductance while those containing self-
assembled nanoscale fibers show stable and improved conductance. We propose that this effect 
may be due to extended stacking of aromatic residues providing π – π conjugation along the 
fiber. 
 
KEYWORDS: biomaterials, atomic force microscopy (AFM), electrical conductivity, 
nanostructures,  
  
1. INTRODUCTION 
In the last decade, increasing needs for electrically conductive nanomaterials have been 
emerging for use in electronic devices[1], medical[2,3], and sensing[4,5] applications, among 
others. In particular, one dimensional conductive nanostructures are essential for the construction 
of nanodevices[5–7]. One method of construction at the nanoscale is utilizing self-assembly. 
Much self-assembly research has focused on mimicking nature’s building blocks[8–10]; 
however, without modification these organic materials are intrinsically insulating, or conduct via 
relatively slow mechanisms[11]. Some notable exceptions exist, such as the bacteria G. 
Sulfurreducens, capable of producing nanowires with metal-like conductivity[5,12,13]. Also, 
recent studies have shown that electron conductivity through natural peptides is theoretically 
plausible[12,14]. The suggested manner of conduction is via delocalized electron states and 
enhanced molecular orbital states from self-assembly of aromatic and charged residues. 
However, thus far, the potential of this emergent functionality has not been utilized.  
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In this work, we present a novel short peptide formed entirely from naturally occurring amino 
acids which dynamically self-assembles into conductive fibers. This peptide, containing residues 
of glycine (G), phenylalanine (F), proline (P), arginine (R), and alanine (A) in the sequence 
GFPRFAGFP, was shown to self-assemble under aqueous conditions, forming long nanofibers. 
These nanofibers form from left-handed helical backbone conformations of the monomer 
peptides, allowing aromatic group stacking. It was shown that a film made from these nanofibers 
is conductive, highlighting the potential for electronic functionality to emerge from the assembly 
of bioinspired materials. This and similar peptides offer controlled functionality and interesting 
properties suitable for a variety of nanoelectronic and bionanotechnological applications. 
 
2. MATERIALS AND EXPERIMENTAL METHODS 
2.1 Peptide 
De Novo design of peptide was inspired by the fibrous proteins found in the extracellular 
matrix of mammalian tissues, such as elastin and collagen[15,16]. Utilizing similar sequences, 
the peptide backbone comprising of GFPRFAGFP was prepared for this study for the following 
two reasons: First, GFPRFAGFP was expected to adopt a helical structure[15,17], allowing for 
one-dimensional assembly. Second, periodically inserted F was expected to promote 
intermolecular coupling[18–22], and increase conductance of the assembled construct owing to π 
- π conjugation[23].  
The chemical structure and the ball-and-stick model of a GFPRFAGFP molecule are shown in 
Fig. 1(a) and 1(b), respectively.  
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Figure 1. (a) Chemical structure and (b) ball-and-stick 3D model with polar surface area layer 
superimposed (blue = polar, red = non-polar) of peptide GFPRFAGFP. (c – e) CPK models of 
peptide in PPII structure with mm2 minimization applied along the (c) z, (d) x, and (e) y axes; 
LR, dR and dF are approximately 7.7, 3.1 and 4.0 Å, respectively. 
 
Also, the calculated polar surface area of the molecule is shown in Fig. 1(b), where the blue 
and the red areas highlight polar and apolar residues, respectively. Amphiphiles such as this 
molecule have been extensively exploited for controllable aqueous self-assembly[8,24–26].  
Figs. 1(c) – 1(e) show the CPK model of a single peptide down different axes of view, 
expressing dimensions of approximately 15.8 x 8.9 x 28.6 Å. The peptide model with PPII 
backbone[27] was initially built using VegaZZ (v3)[28]. After inserting a water layer of 10 
molecules thickness, molecular conformation of the model was further optimized through MM2 
force field method[29].  
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All water used in this study is 0.22 µm filtered ultrapure MilliQ water (>18.2 MΩ.cm). The 
designed peptide molecule, NH2-GFPRFAGFP-COOH, was synthesized and purified by 
Eurofins Operon (Operon Bio-Technology Co., Ltd., Japan). 1 mg lyophilized aliquots were 
prepared in water to a concentration of 20 mg/mL as stock solution. Prior to further dilution as 
described, the stock solution was sonicated in an ice bath for 30 s.  
 
2.2 Atomic force microscope (AFM) observations 
GFPRFAGFP solution of 10 mg/mL in water was prepared and incubated at 37°C either 
overnight or for 7 days. The incubated peptide solution was further suspended to a concentration 
of 1 mg/mL in water, and 5 µL was placed onto a freshly cleaved mica surface and incubated for 
15 min. Prior to AFM observations, the sample was again rinsed in water and dried under pure 
Argon gas to remove excess peptide from the surface. For comparison, peptide samples which 
were prepared immediately after dilution (non-incubated) were used as a control. Images were 
acquired in AC tapping mode on an Asylum MFP3D SPM (Asylum Research, USA) using 
Olympus OMCL-AC240TS probes (nominal values: k = 1.8 N/m, f = 75 kHz, radius > 10 nm) in 
air at RT. A free air amplitude of 500 mV was used (20 – 50 nm) with minimum engage setpoint 
(< 10 % of free air amplitude). The phase was monitored to ensure stable imaging conditions. A 
phase increase was observed on engaging with the surface, indicating that imaging was in the 
repulsive regime.  
 
2.3 Optical spectroscopy measurements 
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GFPRFAGFP solution of 10 mg/mL was used for the optical spectroscopy measurements of 
both incubated and non-incubated peptide. Samples were diluted to 0.1 – 0.3 mg/mL (measured 
by UV absorbance at 257 nm) in water immediately prior to the following measurements. 
2.3.1 Fluorescence spectroscopy: Fluorescence spectroscopy measurements were carried out at 
room temperature on a Hitachi F-7000 (Japan) fluorescence spectrophotometer with a small 
volume cuvette (pathlength 0.1 cm) with excitation wavelength of 265 nm, emission wavelength 
in the range of 275 to 500 nm, and a scan speed of 240 nm/min. Emission data was normalized 
against the fluorescence peak of phenylalanine (~281 nm) in order to average results of repeated 
measurements on separately prepared samples. 
2.3.2 Circular dichroism (CD) spectroscopy: CD spectroscopy was performed on a J-725 
spectrophotometer (Jasco Co. Ltd., Japan) using a small-volume cuvette (pathlength 0.1 cm). CD 
spectra were acquired in the range of 185 to 500 nm with a step of 0.2 nm, at a scan rate 100 
nm/min. Dichroic angle was measured with a resolution of 100 mdeg under a N2 gas flow rate of 
~25 L/min. To reduce noise, we averaged over 3 scans per sample. We acquired CD spectra at 
temperatures of 4, 21, and 60 °C. 
 
2.4. Electrical measurements 
Electrical conductances were investigated for the films of incubated and non-incubated 
peptide, biotin, and insulin, using a Keithley 4200 semiconductor parameter analyzer equipped 
with a 4200-preamplifier (Keithley Instruments Inc., USA) which enabled the highest relative 
resolution of 100x10-18 A in current measurement. To prepare the films, the method was similar 
to that for AFM observations: 5 µL droplets of incubated and non-incubated peptide, biotin and 
insulin (Sigma-Aldrich) solutions (10 mg/mL in water) were cast onto freshly cleaved mica 
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substrates and dried under Argon gas.  Then, two molybdenum plates with a size of 3 mm x 6 
mm were placed with a spatial gap of 1 mm, directly onto the sample films (Figure S1): 
Effectively, conductances of the films with a width of 3 mm and a length of 1 mm were 
measured by flowing current in the direction of the length. The current-voltage characteristics (I-
V curves) were collected by sweeping the voltage of one electrode from -2 to +2 V (and vice 
versa) with steps of 0.01 V while the other electrode was grounded. Measurements were 
performed in ambient conditions or under vacuum conditions. 
 
3. RESULTS AND DISCUSSION 
3.1 AFM of peptide nanofibers 
GFPRFAGFP dissolved readily in pure water at 20 mg/mL, with no precipitates, indicating no 
issue with solubility in aqueous solvent due to hydrophobic residues. By incubating the peptide 
solution at the physiologically relevant 37°C, peptide fiber formation was promoted as confirmed 
by AFM observations as follows.  
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Figure 2. AFM height images in air of GFPRFAGFP fibers on mica showing (a) many thin 
fibers and one thicker fiber, (b) the smaller fibers, and (c) larger fiber with a twisted structure 
shown by irregular asymmetrical height features along the fiber. (d) Frequency distribution 
histogram of fiber heights measured by AFM section profiles, and (e) schematic of potential 
mechanism of hierarchical assembly of peptide into different sizes and shapes of fiber. 
 
In Fig. 2 (a), an AFM image shows fibrous structures existing on a sample prepared by 
dropping a small volume of incubated peptide onto mica. It reveals a large number of thin fibers 
along with some thicker fibers, an example of which is indicated by the arrow head in Fig. 2 (a). 
Another example of thin fibers is shown at higher resolution in Fig. 2 (b). They are fairly 
uniform in height except for small bright spots appearing along the fiber. Although these fibers 
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sometimes have tangles or branches as indicated by the arrow heads in Fig. 2 (b), they were 
predominantly individual fibers, with a length often more than 10 micrometers. We note that 
shorter segments (<100 nm) were less frequently observed (Figure S2). This suggests a fiber 
formation pathway which involves an infrequent critical nucleus step, after which a fast lag 
phase enables peptides to easily aggregate into long fibers[30].  
Long-range height modulations are observed along thick fibers (for example, Fig. 2 (c)). Such 
a modulation of the fiber height suggests hierarchical assembly of the smaller fibers into larger 
fibers, as schematically shown in Fig. 2 (d). In addition, we have observed branching of thicker 
fibers into thinner fibers (Figure S3) indicating hierarchical assembly.  
The height measurements of randomly selected 171 fibers are summarized in Fig. 2 (e). As we 
see in the figure, small fibers of 0.4 – 0.6 nm in height are very common, while no particular 
height is dominant in the larger bins, which is also consistent with the above speculation that a 
hierarchical assembly of smaller fibers forms the larger fibers, as opposed to an alternative 
assembly pathway.  
The smaller fibers as shown in Fig. 2 (b) are likely a 1D assembly of the peptide, with the most 
commonly measured height of about 0.5 nm. This value is about 0.4 nm smaller than the size of 
a single peptide in the z axis, 0.89 nm [see Fig. 1(c)]. The difference between model height and 
measured height here may be due to an imaging condition in the repulsive regime, which can 
reduce the apparent height of features by up to 0.5 nm[31,32]. It should be noted that for an 
accurate height measurement, the sample modulus and conditions of imaging (such as the 
imaging force) must be understood and accounted for. For example, in order to quantify the 
imaging force, the cantilever must be carefully calibrated[33–35]. For the peptide fibers observed 
herein, the exact height remains unknown. However, no possible model of a peptide monomer 
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can account for the height which has been measured in the more stable repulsive regime. 
Therefore, our measurements only indicate that the peptide assembly is 1D, and can be 
considered to be in the same dimensional range as the model in Fig 1 (c).    
Regarding the bumps of 0.14 nm (±0.10 nm, n = 42) in height along the small peptide fibers 
[Fig. 2(b)], they are unlike features seen on control samples (Figure S4). It is, therefore, natural 
to think that they are part of peptides and are not due to contamination. Presumably, the bumps 
correspond to residues, such as R or F, occasionally pointing away from the peptide fiber. As 
shown in Fig. 1 (e), R (or F) residue may protrude with a height of dR (dF) to LR (LF) which are 
estimated to be 0.4 to 0.8 nm based on van der Waals radii of the elements. If we take the effect 
of under-estimation in a height profile into account, the observed heights of the bumps agree 
with the height of irregularly protruded residues. This also suggests that the peptide fibers have 
some structural disorder in the 1D assembly. 
 
3.2 Optical spectroscopy of peptide solutions 
Further insights into the structures of GFPRFAGFP monomers and fibers in solution were 
obtained through optical spectroscopies as described below.  
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Figure 3. Fluorescence emission spectra before (blue, dashed line) and after (red, solid line) 
incubation at 37°C. 
 
As shown by the blue dotted line in Fig. 3, fluorescence spectroscopy measurement on peptide 
samples in solution before incubation, with an excitation of 265 nm, exhibits an emission peak 
around 285 nm corresponding to F fluorescence. After incubation, there appears an additional 
peak just below 300 nm and a lengthening of the emission tail after 340 nm as shown by a red 
solid line. These features agree well with a reported effect of aromatic interactions such as π - π 
stacking for fiber formation[18,36]. However, the effect is not pronounced in this sample 
because amorphous peptide remains after incubation as confirmed by AFM; this most likely 
reflects a relatively small amount of fiber growth after incubation relative to the non-assembled 
peptide in solution.  
To determine the secondary structure of the peptide backbone, CD spectroscopy and analyses 
were carried out by comparing measured spectra to known samples[36–38]. The peptide 
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GFPRFAGFP is shown to contain a primarily left-handed helical structure, although the aromatic 
residues can confound estimation of secondary structure by CD spectroscopy[38,39].  
 
 
Figure 4. CD spectra of non-incubated (blue) and incubated (red) peptide in water measured at 
(a) 4°C, (b) 21°C and (c) 60°C.  
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As presented by blue solid lines in Figs. 4 (a) - 4(c), the non-incubated peptide monomers in 
solution at different temperatures of 4, 21, and 60 °C showed unique CD spectra in the far-UV 
range. At 4°C, where solvent interactions are minimized, the non-incubated peptide shows a 
maximum around 220 nm. This peak is due to a combination of PPII conformation of the amide 
backbone and the π - π* transitions of the aromatic residues according to previous studies[37,38]. 
A local minimum around 200 nm is similar to that observed for denatured collagen and other 
PPII helices[27,37,40]: the minimum is followed by a local maximum around 191 nm and a 
negative drop-off towards 185 nm. These features below 195 nm are considered to be consistent 
with PPII[38,41] or may indicate a small contribution from another structure, such as β-
turns[37,38]. Due to the short sequence of the peptide and the aromatic contribution, it was 
impossible to confirm without ambiguity the secondary structure compared to reference spectra 
using traditional analyses using LINCOMB or Pepfit[42,43]. In the near-UV / visible region of 
the spectra (Figure S5), a weak minima is observed at 280 nm, followed by a very weak local 
maxima at 375 nm, characteristic of F sidechains[39].  
In support of the CD results, deconvolution of ATR-FTIR performed on solid-state films 
(Figure S6) shows only minor conformational changes before and after incubation in the amide I 
and II regions. Peaks are observed at 1625, 1652, 1675 and 1694 cm
-1
 in the amide I region, 
however, these are not trivial to assign for conformational structure. Some literature assignments 
are listed in Table 1. 
 
Table 1. FTIR assignments of deconvoluted peaks 
Peak Assignments 
(reference)
 
1625 cm
-1
 PPII[44], R stretching[45], aggregation[46], short extended chains[47] 
1652 cm
-1
 R stretching[48], disordered[49,50], α-helix[46,47] 
1675 cm
-1
 (C=O without H-bonds) PPII[44,46,51], β -turns[45,49,50] 
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1694 cm
-1
 β-sheet[45], β-turn[52], PPII[53,54] 
 
In combination with the CD spectra, these results are most likely consistent with a primarily 
PPII backbone with some amount of turn or disorder; this uncertainty can be attributed to the 
short length of the amino acid sequence. The structure of the assembly discussed herein is based 
upon the spectroscopic data primarily achieved in solution, while the fiber formation and 
conductivity measurements are observed in the solid state. The FTIR data suggests that the 
peptide structure is not significantly altered in the solid state; indeed, many protein assemblies 
have been reported in this manner. Nonetheless it is worth noting that the peptide conformation 
may be slightly altered in the conductivity measurements.  
 
After incubation under conditions shown to create peptide fibers, some changes are observed 
in the CD spectra as shown by red solid lines in Figs. 4(a) – 4(c). At 4°C, all peaks appear to be 
less intense; this suggests greater flexibility in the peptide chromophores after self-
assembly[38,55]. This seems counterintuitive, but may in fact reflect altered hydrogen bonding 
states. The FTIR spectra in the Amide II and A regions confirm that hydrogen bonding has been 
altered after incubation (Figure S6).  
 At 21°C, the CD spectra from monomers and fibers are almost identical, and remain similar 
even at 60°C. However, the spectra at 60°C no longer display any peaks other than that attributed 
primarily to the aromatic chromophore at 220 nm, and this peak is more pronounced in the 
incubated sample. Also, the minima at 200 nm due to F are less intense after incubation, 
reflecting an altered electronic transition in the F residues after self-assembly.  
 
3.3 Consideration on the peptide fiber formation 
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Self-assembly experiments were attempted in PBS (1X, pH 7.4), MES (0.1 M, pH 6) and KOH 
(0.5 mM, pH 10.7) buffers, along with acetonitrile, chloroform and ethanol solvents, in order to 
confirm an electrostatic role of R residue in the peptide fiber formation. Fibers did not form 
under those conditions as judged from AFM observations, although some form of 2D self-
assembly was recognized in acetonitrile.  
The spectroscopic observations suggest that only a minor conformational change is required to 
form fibers as we see in AFM images (see Fig. 2). A possible model of the fibrous structures are 
schematically shown in Figure S7, but we need further clarification for the details of the 
conformational information and the growth processes of the peptide fibers. Nonetheless, the 
sequence of amino acids is crucial to the formation of conductive fibers. It is well known that the 
presence and location of phenylalanine in a peptide sequence has a great impact on self-
assembly[56], from amyloid-based sequences[18,57] to very short peptides based molecules 
[22,58]. Furthermore, the use of a helical peptide backbone allows different ‘faces’ of the peptide 
to be available for different functionalities[59], therefore aligning the F residues for closer 
packing in a self-assembled structure.   
It is reasonable to think that the limiting step for fiber growth is the formation of the critical 
nucleus. This structure may be unstable or conformationally not favored at room temperature in 
water, as only a very small number of short fibers are observed (Figure S2). Thus raising the 
temperature was necessary for formation of fibers, and further investigation of conditions may 
lead to an even greater yield of fibers.  
 
3.4 Conductivity measurements 
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Now, we discuss electrical conductance of the films of incubated peptide fibers and other 
reference samples based on the results obtained by 2 terminal I-V measurements.  
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Figure 5. (a) Histogram graph of conductance across sample films (as shown on the inset 
schematic of experimental setup), showing data points from ambient (blue) and vacuum (orange) 
conditions. The size of each data point represents the portion of results for that sample set which 
fall in the corresponding conductance. Representative I-V curves (dual sweep) measured by 2 
probes with 1 mm gap for freshly cleaved mica (orange), and films prepared on mica from 
insulin (purple), biotin (green) and GFPRFAGFP peptide before (blue) and after (red) 
incubation. These are representative curves taken from the same sample under (b) ambient (20 - 
25°C, 50 – 60 % RH) and (c) vacuum (1 – 5 × 106 mbar, 19°C) conditions. 
 
Fig. 5 (a) summarizes the measured conductance over 139 measurements in air with a relative 
humidity of 50 - 60 % at 20 - 25 °C, and in a vacuum of 1 - 5 × 10
-6
 mbar at 19 °C. Conductance 
in the range of 10
-16
 to 10
-10
 S was observed depending on the type of sample and on the 
environmental conditions. The size of the circle in the figure represents the ratio of observations 
at corresponding conductance and the color of the circle represents the environment (see figure 
caption). Measured conductance for incubated peptide films in air is in the range of 10
-11
 to 10
-10
 
S (mean 84.44 pS (SD 77.0, n=35)) whereas they show slightly lower conductance, mostly 
around 10
-11
 S (mean 24.204 pS (SD 15.98, n=18)), in vacuum condition. The films of non-
incubated peptide monomers show conductance of the order of 10
-11
 S (mean 32.70 pS (SD 26.4, 
n=25)) in air which is only slightly smaller than the case of the fibers. However, in vacuum, the 
conductance of the peptide monomer films widely scatters across a range of 10
-14
 to 10
-11
 S 
(mean 6.778 pS (SD 9.75, n=6)), which is around 100 times smaller than the case of the peptide 
fiber films. An independent T-test of the vacuum condition incubated and non-incubated peptide 
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results shows a significant difference in the mean conductance acquired, despite the large 
standard deviations (P(T<=t) two-tail = 0.006).  
Interestingly, the control samples of biotin, insulin and the bare mica all show similar 
conductance in air and in vacuum: In air, conductance distributes across a range of 10
-13
 to 10
-11
 
S (mean 6.10 pS (SD 9.5, n=12), mean 18.33 pS (SD 18.9, n=13), and mean 10.04 pS (SD 11.6, 
n=15), respectively) which is an order of magnitude smaller than the case of the peptide fiber, 
and, in vacuum, all the measured conductance drops to the order of 10
-14
 S (mean 0.024 pS (SD 
0.01, n=4), mean 0.027 pS (SD 0.03, n=4), and mean 0.016 pS (SD 0.01, n=8), respectively). In 
the case of control samples measured in air, some overlap of results occurs with the peptide 
samples. This is likely due to a water layer on the sample surface in ambient conditions, which 
may allow a small amount of conductivity; this conductivity overlap of the control samples is 
gone in the vacuum condition. 
Figs. 5(b) and 5(c) show typical I-V curves measured in air and in vacuum, respectively. It is 
noted that the measured I-V curves look almost linear but there always exists non-linear feature 
presumably owing to an effect of capacitance in our electrical circuit including the sample itself. 
Therefore, to minimize the effect, it was quite important to perform the measurement quite 
slowly, i.e., with a voltage sweep at a rate of less than 0.1 V/min. Here, we can clearly 
understand that only an incubated peptide fiber film shows similar conductance both in air and in 
vacuum.  
As we see in Fig. 5(a), the conductance of the GFPRFAGFP peptide films are, on average, 
higher than those of biotin and insulin films and that of the bare mica surface. Furthermore, 
incubated peptide fiber films reproducibly exhibit larger conductance than non-incubated peptide 
monomer films especially in vacuum. Thus, we conclude that the electrical conduction through 
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the incubated peptide fiber films is mostly realized without proton diffusion[10]. The other films 
(except for the non-incubated peptide) do require a water layer to show a conductance around 10
-
11 
S.  
The reason why the non-incubated peptide monomer films show variety of conductance in 
vacuum is surmised as follows. Owing to the existence of aromatic residues and possibly to a 
fragmental π – π conjugation formed even without incubation, the film of non-incubated peptide 
molecules would be conductive in a local vicinity. This speculation is consistent with our results 
from optical spectroscopy measurements (Figs. 3 and 4), indicating local molecular structures of 
incubated and non-incubated peptides are not very different in a local vicinity. In addition, the 
drop-dry film does not guarantee reproducible uniformity over a film with millimeter scale, 
although the weight of the molecules incorporated in the film is controlled. Such uncontrolled 
fluctuation in density over the film and the existence of local conductivity may have resulted in 
the wide distribution for the conductance of non-incubated peptide monomer films as shown in 
Fig. 5(a).  
The measured conductance of the peptide-based films in the order of 10
-11
 S are higher than 
those measured for amyloidic peptide fibers[14,60,61]. They are, of course, extremely poor 
conductors compared to other conductive carbon-based materials such as carbon nanotubes and 
graphene[62–64], which have π conjugated electron systems. Our results indicate that there 
exists π – π conjugated system contributing the electrical conductance through the film of 
incubated GFPRFAGFP peptide fibers. However, the number of fibers directly bridging between 
two electrodes may not be large enough because we frequently observed one end of a fiber in 
frames of AFM images. Also, each fiber has irregular bumps, which could disrupt the conjugated 
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conduction path, as we see in Fig. 2(a). So, the measured conductance would be considerably 
decreased from the case of perfectly stacked aromatic residues.  
Other works on conducting nanostructures have utilized advanced techniques such as 
microfabricated electrode arrays[65], STM,[66] CP-AFM[13,67] and MP-AFM[68]. Such 
experiments may reveal high-resolution conductivity information of peptide structures. The 
anisotropic conductivity property of individual fibers is of particular interest. We have attempted 
preliminary experiments in measuring the nanoscale conductivity of individual fibers; however, 
the contact resistance between the metal probe and the organic molecules was a large issue. The 
use of a macroscopic electrode to contact many fibers simultaneously was the most stable 
measurement condition within the scope of this work. The macroscopic experiment utilized in 
this paper is a useful proof-of-concept for checking if an assembly may be conductive before 
embarking on the comprehensive work of testing via the advanced techniques mentioned above.  
 
4. CONCLUSIONS 
The novel GFPRFAGFP peptide presented herein is unlike any known peptide sequence thus 
far, despite drawing on inspiration from mammalian elastic tissues. In simple aqueous 
conditions, it is capable of forming fibrous nanostructures. However, the conditions are not yet 
optimized, as evidenced by the small changes in spectroscopic data before and after incubation to 
induce self-assembly. Electrical measurements of the films of the GFPRFAGFP monomers and 
fibers, biotin, and insulin show apparent conductance for the peptide. This conductance is 
improved significantly after self-assembly; therefore, the extended stacking of aromatic residues 
in the peptide sequence may play a vital role in electron transport. 
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An important aspect of this work is as follows. Although the measured conductance is still 
small, we have shown that the De Novo designed peptides using entirely natural amino acids 
self-assemble into nanoscale fibers at 37°C with apparent conductance. This leads to interesting 
possibilities for self-assembling and self-repairing conductive network structures, which may 
have application as an intelligent network system.  
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